The changes in respiration which develop in aerated tuber disks (4, 10, 15, 24) were linked to protein synthesis by Steward and Preston (18, 19) as early as 1940. Subsequently, chloramphenicol, a substance used to inhibit protein synthesis, was shown to inhibit the development of an altered respiration in aerated disks (2) , an observation which suggested a direct causative relationship between protein synthesis and the alteration of respiratory activity in the disks. An analogous relationship between the synthesis of proteins and of phenolic substances is described in the present study.
Materials and Methods
Treatmiient of tissue. The experimental conditions used to study the accumulation of chlorogenic acid in disks of pulp tissue from potato tubers (var. Kennebec) were similar to those described previously (28) .
Tubers stored less than 5 months at 40 were used for most experiments. Uniform samples of disks were obtained by slicing pulp tissue 1 mm thick and then cutting disks 1.5 cm in diameter from the slices. Treatments were run in duplicate using 10 disks per sample (fr wt 2.5-3 g), and duplicate samples placed in a single petri dish were moistened with 2 ml of culture solution. The entire procedure for preparation of disks exposed the tissue to approximately 50 ft-c of incident light for about 30 minutes. In some experiments where the light of the laboratory was excluded during preparation of tissue, disks were cut from tubers in a dim green light providing less 1 Received Feb. 20, 1963. -A preliminary report has been published (6 Assays. Chlorogenic acid was assayed by a modified Hoepfner procedure (27) . Small columns (1 X 3 cm) containing alumina were used to absorb the chlorogenic acid from extracts before treating it with nitrous acid and then alkali. Recent work (5) has shown that at least 7 different conjugates of caffeic and quinic acids exist in the tuber, chlorogenic acid being the major one. All of these phenolic esters behave like chlorogenic acid in the assay used and are regarded as equivalent for the purpose of this study. Disks cultured on L-phenylalanine accumulate large quantities of free p-coumaric and caffeic acids and p-coumaroyl conjugates (5 Disks which were exposed to light for 10 hours an(l then placed in the dark at the point in ( samples in the previous tables and figure. Small tubers were used as a source of tissue in the experiments with ethionine whereas large tubers which have a reduced synthetic capacity were used in experiments where low rates of synthesis were observed. The 20 ft-c of continuous illumination (luring storage will induce chloroplast development in the outer cell layers of harvested tubers (9) . The grow-th of chloroplasts in tuber slices and in etiolatedl tissue, following illumination, provides a logical explanation of light effects on protein synthesis. Develop-ing plastids of tissue transferred from darkness to light increase markedly in protein content (3) . The synthesis of proteins in developing chloroplasts is not necessarily linked to chlorophyll synthesis. Mego and Jagendorf (13) have observed that brief illumination of etiolated bean seedlings is sufficient to initiate chloroplast development. Subsequently, extensive synthesis of chloroplast proteins occurs in the dark although almost no chlorophyll is formed. The formation of proteins and phenolic substances in tuber slices does not depend upon the development of photosynthetic activity. Disks cultured in the dark can have no such activity, nor is enough chlorophyll formed during the first 24 hours of illumination to produce much photosynthesis. Whole tubers require 12 to 24 hours of illumination before chlorophyll synthesis can be detected (26) .
ZUCKER-LIGIIT-INDUCED SYNTHESIS OF CHLOROGENIC ACID
In previous studies of protein synthesis in potato disks (18, 19, 21) , no rigorous attempts to exclude light are reported. Consequently, the results may reflect initial stages in the growth of plastids, even though no greening was obvious.
This does not detract from Steward's hypothesis of a salt-induced protein synthesis, for chloroplasts are known to accumulate large quantities of salts (20) . The observed stimulation of chlorogenic acid synthesis in disks cultured on various salts (28) probably results from a similar stimulation of protein formation.
The increase in respiration of aged potato disks is another metabolic alteration involving protein synthesis (2) , and increases in the activity of several enzymes of electron transport (4) and of the pentose phosphate cycle (1) have been demonstrated. Newly activated pathways could increase the supply of substrates such as phenylalanine whose availability appears to be a factor limiting phenolic synthesis in tuber slices (5) . However, the fact that light can double the production of phenolic substances in the presence of an excess of phenylalanine argues against indirect effects of this nature.
The behavior of polyphenoloxidase, an enzyme system capable of hydroxylating p-coumaroylquinic acid to chlorogenic acid in vitro (5), suggests a more direct relation between enzyme synthesis and phenolic production. Polyphenoloxidase activity declines markedly in the tuber after it reaches maturity and is harvested (25) (4) have shown that mitochondrial and microsomal fractions increase in nitrogen content as a result of aging tuber disks. However, the possibility exists that their preparations were contaminated with fragments of developing plastids.
The initiation of phenolic synthesis in leaf tissue also appears to involve the synthesis of proteins.
Thimann and Radner (22) found that anthocyanin formation in Spirodella leaves is particularly sensitive to ethionine. Recently they obtained evidence for participation of a polynucleotide and suggest that protein synthesis is involved in anthocyanin pigmentation (23) . Anthocyanin synthesis in expanding flower petals is also inhibited by ethionine (8) .
Chloramphenicol inhibits anthocyanin synthesis at high concentrations and is stimulatory at low concentrations (12, 16, 17) . The chlorogenic acid system responds similarly. Marked inhibition of synthesis can be obtained at concentrations 100 times greater than those producing stimulation. High levels of chloramphenicol are required to inhibit incorporation of amino acids into proteins of whole plant tissues (7) and of particulate preparations from plants (14) .
The survival of plant tissues treated with such unusually high concentrations of inhibitors is evidence for a specificity of action. The fact that ethionine inhibits chlorogenic acid synthesis more than general protein synthesis in tuber disks may also reflect a differential sensitivity to ethionine of specific sites of protein synthesis in the cell. Summary 1. Light stimulates the synthesis both of chlorogenic acid and of proteins in disks of pulp tissue from potato tubers. A brief exposure of disks to light of relatively low intensity doubles the synthesis of chlorogenic acid in the dark. Much longer exposures to light of relatively high intensity further stimulate the synthesis of chlorogenic acid. In disks cultured under continuous illumination, the rate of chlorogenic acid accumulation increased continuously for at least 40 hours, attaining the highest levels observed.
2. An initial brief exposure to light is also required for a net increase in protein content of tuber disks placed in the dark for 24 hours. Continuous illumination greatly increases the synthesis of proteins and leads to greening and to chloroplast development in the disks.
3. Chlorogenic acid synthesis is inhibited by high concentrations of ethionine and chloramphenicol. Ethionine inhibition can be reversed by methionine. Ethionine was shown to inhibit protein synthesis in the disks, but did not interfere with the conversion of phenylalanine to chlorogenic acid.
